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1
EDDY CURRENT FLAW DETECTION
SYSTEM AND EDDY CURRENT FLAW
DETECTION METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an eddy current flaw detec-
tion system and an eddy current flaw detection method for
scanning an eddy current flaw detection probe on an inspec-
tion surface.

2. Description of the Related Art

An eddy current flaw detection method is an inspection
method of causing an alternating magnetic field generated by
an exciting coil to induce eddy currents in a surface layer
portion of a conductive object to be inspected and detecting a
disturbance in eddy currents due to a flaw or crack as a change
(change in output voltage) in impedance of a detecting or
sensing coil, thereby determining the presence or absence of
the flaw.

There has recently been proposed an eddy current flaw
detection system using an eddy current flaw detection probe
(hereinafter called a “multi-coil probe™) having a plurality of
coils arranged on a substrate for the purpose of speeding up
inspections (refer to, for example, JP-2008-8806-A (refer to
FIGS. 14 and 15, etc.)). In the eddy current flaw detection
system described in JP-2008-8806-A, a plurality of coils
arranged in a direction orthogonal to a scanning direction of
a multi-coil probe are sequentially switched to exciting and
detecting coils while the multi-coil probe is being scanned on
an inspection surface. That is, the multi-coil probe has a
plurality of combinations (channels) of the exciting and
detecting coils. Thus, for example, as compared with a case in
which an eddy current flaw detection probe having only a
single combination of exciting and detecting coils is used, a
wide range of scanning is enabled and the shortening of an
inspection time is made possible. Further, since the substrate
of the multi-coil probe has flexibility (ductility), the multi-
coil probe is capable of following the shape of the inspection
surface.

In the above-described eddy current flaw detection system,
each scan position of the probe is recorded and a result of
detection of each channel (output voltage of detecting coil) is
recorded. When a flat inspection surface is flaw-detected, for
example, a scan area is displayed by a two-dimensional coor-
dinate system in which each scan position of the probe and
each channel position (in other words, the position on the
substrate, of a detection point corresponding to each combi-
nation of exciting and detecting coils, and in JP-2008-8806-
A, the position in the direction orthogonal to the probe scan-
ning direction) on the substrate are taken as coordinates.
Results of detection of the respective channels are also dis-
played in color tones of pixels of their corresponding coordi-
nates. With such a display of flaw detection results, it is
possible to determine the presence or absence of a flaw and
evaluate the position and length of the flaw.

Incidentally, objects to be inspected by the eddy current
flaw detection system have been expanded up to those each
having an inspection surface of a complicate three-dimen-
sional shape, like, for example, a weld between a reactor
pressure vessel (RPV) and a stub tube of a control Rod Drive
(CRD) (refer to, for example, JP-2008-298478-A (refer to
FIGS. 20 and 21, etc.)).

SUMMARY OF THE INVENTION

Although not described in JP-2008-298478-A, even when
an inspection surface having a complicate three-dimensional
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shape is flaw-detected using a multi-coil probe, it is better to
display a result of flaw detection for the purpose of determin-
ing the presence or absence of a flaw and evaluating the
position and length of the flaw. Thus, as with the related art
described in JP-2008-8806-A, there is considered, for
example, a method of displaying a scan area by a two-dimen-
sional coordinate system in which each probe scan position
and each channel position on a substrate are taken as coordi-
nates, and displaying detection results of respective channels
in color tones of pixels of their corresponding coordinates.

For example, however, the surface (inspection surface) of
the above-described weld between the reactor pressure vessel
and the stub tube of the control rod drive is approximately in
the form of a truncated conical side surface in its entirety and
takes on such a complicate three-dimensional shape that its
axial section is concave and its curvature changes depending
on a circumferential position. Therefore, when the multi-coil
probe is scanned in the circumferential direction of the
inspection surface while the multi-coil probe is being brought
into close contact with such an inspection surface, a portion
on the one side of the probe and a portion on the other side
thereof as viewed in the direction intersecting the direction of
scanning of the probe are different in terms of the length of a
scan trajectory, combined with deformation of the substrate.
Asthe case may be, there is a need to change the attitude angle
of the multi-coil probe according to the scan position of the
probe in order to bring the probe into close contact with the
inspection surface. Thus, when the scan area is represented by
the above-described two-dimensional coordinate system, dis-
tortion occurs and a result of flaw detection cannot accurately
be displayed. As a result, it is not possible to evaluate the
position and length of a flaw accurately.

An object of the present invention is to provide an eddy
current flaw detection system and an eddy current flaw detec-
tion method capable of enhancing the accuracy of display of
a result of flaw detection and improving the accuracy of
evaluation of a flaw.

(1) In order to achieve the above object, the present inven-
tion provides an eddy current flaw detection system includ-
ing: an eddy current flaw detection probe having a substrate
facing an inspection surface, and at least one exciting coil and
at least two detecting coils provided on the substrate; a scan-
ning device which scans the eddy current flaw detection probe
on the inspection surface; a scan control device which drives
and controls the scanning device to control a scan position
and an attitude angle of the eddy current flaw detection probe;
and an eddy current flaw detection device which acquires
results of detection of a plurality of detection points corre-
sponding to combinations of the exciting and detecting coils
for each scan position of the eddy current flaw detection
probe, wherein the eddy current flaw detection system
includes: detection point three-dimensional coordinate
acquiring means which acquires three-dimensional coordi-
nates of the detection points for each scan position of the eddy
current flaw detection probe; three-dimensional flaw detec-
tion data generating means which generates three-dimen-
sional flaw detection data including the three-dimensional
coordinates of the detection points and detection results
thereof corresponding to the three-dimensional coordinates;
and display means which displays a three-dimensional model
of'the inspection surface and displays the detection results of
the detection points on the three-dimensional model of the
inspection surface in color tones, based on the three-dimen-
sional flaw detection data.

The present invention is suitable for, for example, a case
where a portion on the one side of an eddy current flaw
detection probe and a portion on the other side thereof as
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viewed in the direction intersecting the direction of scanning
of the probe are different in terms of the length of a scan
trajectory as in the case where the probe is scanned over a
surface (inspection surface) of a weld between a reactor pres-
sure vessel and a stub tube of a control rod drive. In order to
cope with such a case, in the present invention, three-dimen-
sional coordinates of a plurality of detection points corre-
sponding to combinations (channels) of exciting and detect-
ing coils are acquired for each scan position of the eddy
current flaw detection probe. Then, three-dimensional flaw
detection data including the three-dimensional coordinates of
the detection points and results of detection thereof corre-
sponding to those are created or generated. Further, a three-
dimensional model of the inspection surface is displayed, and
the results of detection of the detection points are represented
in color tones on the three-dimensional model of the inspec-
tion surface, based on the three-dimensional flaw detection
data. Thus, as compared with the case where as described in
JP-2008-8806- A, for example, the scan area is represented by
the two-dimensional coordinate system in which each probe
scan position and each channel position on the substrate are
taken as the coordinates, and detection results of respective
channels are represented in color tones of pixels of their
corresponding coordinates, no distortion occurs and the accu-
racy of display of a flaw detection result can be enhanced. As
a result, the accuracy of evaluation of the position and length
and the like of a flaw can be improved.

(2) In the above (1), preferably, the eddy current flaw
detection system further includes a probe structure storing
means which stores in advance relations in position between
the detection points on the substrate of the eddy current flaw
detection probe, wherein the detection point three-dimen-
sional coordinate acquiring means includes: first detection
point three-dimensional coordinate computing means which
computes a three-dimensional coordinate of a specific detec-
tion point of the detection points corresponding to the scan
position of the eddy current flaw detection probe based on
control parameters of the scanning device, probe attitude
angle computing means which computes a yaw angle of the
eddy current flaw detection probe based on the control param-
eters of the scanning device, and second detection point three-
dimensional coordinate computing means which plots the
specific detection point on the three-dimensional model of the
inspection surface, plots other detection points than the spe-
cific detection point on the three-dimensional model of the
inspection surface based on the yaw angle of the eddy current
flaw detection probe and the relations in position between the
detection points on the substrate, and thereby computes three-
dimensional coordinates of the other detection points.

(3) In the above (2), preferably, the detection point three-
dimensional coordinate acquiring means further includes
probe pressing direction computing means which computes a
direction for pressing the eddy current flaw detection probe
against the inspection surface based on the control parameters
of the scanning device, and wherein when the computed
three-dimensional coordinate of the specific detection point
does not coincide with the three-dimensional model of the
inspection surface, the first detection point three-dimensional
coordinate computing means moves the three-dimensional
coordinate of the specific detection point in the pressing
direction to correct the three-dimensional coordinate so as to
coincide with the three-dimensional model of the inspection
surface.

(4) In the above (1), preferably, the eddy current flaw
detection system further includes a plurality of markers pro-
vided in the substrate of the eddy current flaw detection
probe; imaging means which images the markers for each
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scan position of the eddy current flaw detection probe; and
probe structure storing means which stores in advance layout
relations between the substrate and the markers at the eddy
current flaw detection probe and layout relations between the
substrate and the detection points, wherein the detection point
three-dimensional coordinate acquiring means includes:
marker three-dimensional coordinate computing means
which computes three-dimensional coordinates of the mark-
ers based on images of the markers for each scan position of
the eddy current flaw detection probe, and detection point
three-dimensional coordinate computing means which com-
putes a shape and layout of the substrate based on the three-
dimensional coordinates of the markers and the layout rela-
tions between the substrate and the markers for each scan
position of the eddy current flaw detection probe, and further
computes three-dimensional coordinates of the detection
points based on the layout relations between the substrate and
the detection points.

(5) In the above (4), preferably, the eddy current flaw
detection system further includes three-dimensional model
generating means which generates a three-dimensional
model of the inspection surface based on the three-dimen-
sional coordinates of the detection points or the three-dimen-
sional coordinates of the markers which have been computed
for each scan position of the eddy current flaw detection
probe, wherein the display means displays the three-dimen-
sional model of the inspection surface generated by the three-
dimensional model generating means.

(6) In order to achieve the above object, the present inven-
tion provides an eddy current flaw detection method includ-
ing the steps of: scanning an eddy current flaw detection
probe on an inspection surface, the eddy current flaw detec-
tion probe having a substrate facing the inspection surface,
and at least one exciting coil and at least two detecting coils
provided on the substrate; and acquiring results of detection
of a plurality of detection points corresponding to combina-
tions of the exciting and detecting coils for each scan position
of the eddy current flaw detection probe, wherein the eddy
current flaw detection method includes: a first procedure for
acquiring three-dimensional coordinates of the detection
points for each scan position of the eddy current flaw detec-
tion probe; a second procedure for generating three-dimen-
sional flaw detection data including the three-dimensional
coordinates of the detection points and detection results
thereof corresponding to the three-dimensional coordinates;
and a third procedure for displaying a three-dimensional
model of the inspection surface and displaying the detection
results of the detection points on the three-dimensional model
of the inspection surface in color tones based on the three-
dimensional flaw detection data.

(7) In the above (6), preferably, the first procedure includes
a fourth procedure for computing a three-dimensional coor-
dinate of a specific detection point of the detection points
corresponding to the scan position of the eddy current flaw
detection probe based on control parameters of a scanning
device for scanning the eddy current flaw detection probe; a
fifth procedure for computing a yaw angle of the eddy current
flaw detection probe based on the control parameters of the
scanning device; and a sixth procedure for plotting the spe-
cific detection point on the three-dimensional model of the
inspection surface, plotting other detection points than the
specific detection point on the three-dimensional model of the
inspection surface based on the yaw angle of the eddy current
flaw detection probe and relations in position between the
detection points on the substrate, and thereby computing
three-dimensional coordinates of the other detection points.
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(8) In the above (7), preferably, the first procedure further
includes a seventh procedure for computing a direction for
pressing the eddy current flaw detection probe against the
inspection surface based on the control parameters of the
scanning device, wherein when the computed three-dimen-
sional coordinate of the specific detection point does not
coincide with the three-dimensional model of the inspection
surface, the fourth procedure moves the three-dimensional
coordinate of the specific detection point in the pressing
direction to correct the three-dimensional coordinate so as to
coincide with the three-dimensional model of the inspection
surface.

(9) In the above (6), preferably, the first procedure
includes: an eighth procedure for imaging a plurality of mark-
ers provided in the substrate of the eddy current flaw detection
probe for each scan position of the eddy current flaw detection
probe; a ninth procedure for computing three-dimensional
coordinates of the markers based on images of the markers for
each scan position of the eddy current flaw detection probe;
and a tenth procedure for computing a shape and layout of the
substrate based on the three-dimensional coordinates of the
markers and layout relations between the substrate and the
markers for each scan position of the eddy current flaw detec-
tion probe, and further computing three-dimensional coordi-
nates of the detection points based on layout relations
between the substrate and the detection points.

(10) In the above (9), preferably, the eddy current flaw
detection method further includes an eleventh procedure for
generating a three-dimensional model of the inspection sur-
face based on the three-dimensional coordinates of the detec-
tion points or the three-dimensional coordinates of the mark-
ers which have been computed for each scan position of the
eddy current flaw detection probe, wherein the third proce-
dure displays the three-dimensional model of the inspection
surface generated in the eleventh procedure.

According to the present invention, the accuracy of display
of'aresult of flaw detection can be enhanced, and the accuracy
of evaluation of a flaw can be improved.

BRIEF DESCRIPTION OF DRAWINGS

These and other features, objects and advantages of the
present invention will become more apparent from the fol-
lowing description when taken in conjunction with the
accompanying drawings wherein:

FIG. 1 is a block diagram showing a configuration of an
eddy current flaw detection system according to a first
embodiment of the present invention;

FIGS. 2A and 2B are side views illustrating an overall
structure of an eddy current flaw detection probe in the first
embodiment of the present invention;

FIG. 3 is a plan view showing a structure of a sensor part of
the eddy current flaw detection probe in the first embodiment
of'the present invention and also shows combined patterns of
exciting and detecting coils;

FIGS. 4A and 4B are cach side views illustrating a structure
of a scanning device in the first embodiment of the present
invention along with the eddy current flaw detection probe
and an object to be inspected;

FIG. 5 is a perspective view for describing the scanning of
the eddy current flaw detection probe in the first embodiment
of the present invention;

FIG. 6 is a diagram depicting detected data of an eddy
current flaw detection device in the first embodiment of the
present invention;
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FIG. 7 is a flowchart showing the contents of control of a
data processing/display device in the first embodiment of the
present invention;

FIG. 8 is a diagram for describing a method of acquiring
three-dimensional coordinates of detection points in the first
embodiment of the present invention;

FIG. 9 is a diagram showing one example of a three-
dimensional model display screen in the first embodiment of
the present invention;

FIG. 10 is a diagram illustrating a display screen according
to a comparative example;

FIG. 11 is a flowchart showing the contents of control of a
data processing/display device in a first modification of the
present invention;

FIG. 12 is a diagram for describing a method of correcting
athree-dimensional coordinate of a specific detection point in
the first modification of the present invention;

FIG. 13 is a block diagram showing a configuration of an
eddy current flaw detection system according to a second
embodiment of the present invention;

FIG. 14 is a plan view illustrating a structure of a sensor
part of an eddy current flaw detection probe in the second
embodiment of the present invention;

FIG. 15 is a perspective view for describing an installed
position of a camera in the second embodiment of the present
invention;

FIG. 16 is a flowchart showing the contents of control of a
data processing/display device in the second embodiment of
the present invention;

FIG. 17 is a diagram for describing a method of acquiring
three-dimensional coordinates of detection points in the sec-
ond embodiment of the present invention;

FIG. 18 is a perspective view for describing an installed
position of a camera in a second modification of the present
invention; and

FIG. 19 is a diagram showing combined patterns of excit-
ing and detecting coils in a third modification of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first embodiment of the present invention will be
described with reference to the accompanying drawings. The
present embodiment will be described by taking for example
a case where a weld between a reactor pressure vessel and a
stub tube of a control rod drive is inspected.

FIG. 1 is a block diagram showing a configuration of an
eddy current flaw detection system according to the present
embodiment. FIG. 2A is a side view illustrating an overall
structure of an eddy current flaw detection probe in the
present embodiment. FIG. 2B is a side view as viewed from a
direction indicated by arrow A in FIG. 2A. FIG. 3 is a plan
view showing a structure of a sensor part of the eddy current
flaw detection probe in the present embodiment. FIGS. 4A
and 4B are side views showing a structure of a scanning
device in the present embodiment. FIG. 5 is a perspective
view for describing the scanning of the eddy current flaw
detection probe in the present embodiment.

The eddy current flaw detection system according to the
present embodiment is equipped with an eddy current flaw
detection probe (hereinafter called a multi-coil probe) 1 dis-
posed on a surface (inspection surface) 102a of a weld 102
between a reactor pressure vessel 100 and a stub tube 101 of
a control rod drive, a scanning device 2 which scans the
multi-coil probe 1 on the inspection surface 102a, a scan
control device 3 which drives and controls the scanning
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device 2 to control a scan position and an attitude angle of the
multi-coil probe 1, an eddy current flaw detection device 4
which performs flaw detection control of the multi-coil probe
1, and a data processing/display device 5 which processes
data from the scanning device 3 and eddy current flaw detec-
tion device 4 and thereby displays a result of flaw detection.

The multi-coil probe 1 is equipped with a sensor part 6, an
elastic part 7 for bringing the sensor part 6 into close contact
with the inspection surface 102a, and a sensor support part 8
which supports the sensor part 6 through the elastic part 7.
The sensor part 6 has a flexible (ductile) substrate 9 which
faces the inspection surface 1024, and a plurality of coils 10
fixed to the upper side (side opposite to the inspection surface
102a) of the substrate 9 and arranged in a triangular lattice
form in two rows, for example. The sensor part 6 is capable of
following the shape of the inspection surface.

The elastic part 7 is composed of a sponge (porous elastic
body) 11 which is bonded to the upper side of the substrate 9
and accommodates the coils 10 therein, and a laminated leaf
spring 12 bonded to the upper side of the sponge 11. The
laminated leaf spring 12 is made up of a plurality of leaf
springs laminated on each other in such a manner that the
thickness (in other words, the modulus of elasticity) of a
central portion thereof as viewed in the longitudinal direction
(horizontal direction in FIG. 2A) of the sensor part 6 becomes
large and the thickness (in other words, the modulus of elas-
ticity) thereof on both end sides thereof as viewed in its
longitudinal direction becomes small. Thus, even if the sec-
tional curvature of the inspection surface 102a changes, the
whole surface of the sensor part 6 can be pressed. Accord-
ingly, the whole surface of the sensor part 6 is brought into
close contact with the inspection surface 102a. Incidentally,
only one leaf spring may be used instead of the laminated leaf
spring 12.

The sensor support part 8 is composed of an approximately
inverted U-shaped support table 14 which supports the elastic
part 7 and the sensor part 6 through a pin 13 that extends in the
transverse direction (horizontal direction in FIG. 2B) of the
sensor part 6, a base 16 which tiltably supports the support
table 14 through a shaft 15 that extends in the longitudinal
direction ofthe sensor part 6, and a pair of springs 17 provided
between the support table 14 and the base 16. The shaft 15,
base 16 and pair of springs 17 configure a so-called gimbal,
which tilts the sensor part 6 so as to follow the tilt of the
inspective surface 102a¢ and thereby improves adhesion
between the sensor part 6 and the inspection surface 102a.
Incidentally, a pair of ground detectors 18 may be provided at
their corresponding ends of the support table 14 to confirm
adhesion between the sensor part 6 and the inspection surface
102a, based on the results of their detection. Alternatively, a
pair of ground members (e.g., hemispheric members) may be
provided at their corresponding ends of the support table 14.

The scanning device 2 is equipped with a body part 19
provided so as to be nearly concentric with the stub tube 101
of the control rod drive, a rotation/up-and-down movement
mechanism 21 which rotates an arm 20 about the body part 19
in its circumferential direction and vertically moves the arm
20, and a slide mechanism (not shown) which slides a
manipulator 22 along the longitudinal direction (in other
words, the radial direction of the stub tube 101) of the arm 20.
The base 16 of the multi-coil probe 1 described above is
mounted to the tip side (lower side in FIGS. 4A and 4B) of the
manipulator 22.

Although not illustrated in detail, the manipulator 22 has a
rotation mechanism which is rotated in the direction indicated
by arrow B in FIGS. 4A and 4B to enable a roll angle 6r and
the like of the sensor part 6 of the multi-coil probe 1 to be
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adjusted, a rotation mechanism which is rotated in the direc-
tion indicated by arrow Cin FIGS. 4A and 4B to enable a pitch
angle Op and the like of the sensor part 6 of the multi-coil
probe 1 to be adjusted, and a rotation mechanism which is
rotated about its vertical axis to enable a yaw angle 8y (in
other words, an angle as viewed in the longitudinal direction
of'the probe 1 relative to the direction of scanning of the probe
1 as shown in FIG. 3) and the like of the sensor part 6 of the
multi-coil probe 1 to be adjusted.

Here, the surface (inspection surface 102a) of the weld 102
is approximately in the form of a truncated conical side sur-
face in its entirety and takes on such a complicate three-
dimensional shape that its axial section is concave and its
curvature changes depending on a circumferential position
(refer to FIGS. 4A and 4B and FIG. 5). Therefore, when the
sensor part 6 of the multi-coil probe 1 is scanned in the
circumferential direction of the inspection surface 102a while
being brought into close contact with the inspection surface
102a, a portion on the one side of the sensor part 6 and a
portion on the other side thereof as viewed in the direction (in
other words, the longitudinal direction of the sensor part 6)
intersecting the direction of scanning of the probe 1 are dif-
ferent in terms of the length of a scan trajectory, combined
with deformation of the substrate 9. In some cases, in order to
bring the sensor part 6 of the multi-coil probe 1 into close
contact with the inspection surface 1024, there is a need to
change the attitude angle of the probe 1 according to the scan
position of the probe 1.

Control parameters for the rotation/up-and-down move-
ment mechanism 21, slide mechanism and manipulator 22
have been set to and stored in the scan control device 3 in
advance for each scan position of the probe 1 (specifically, for
every number of start trigger signals to be described). The
scan control device 3 drives and controls the rotation/up-and-
down movement mechanism 21, slide mechanism and
manipulator 22, based on the control parameters set and
stored in advance to thereby scan the multi-coil probe 1 in the
circumferential direction of the inspection surface 1024 (in
other words, along a weld line). At this time, the scan position
and the attitude angle (specifically, the above roll angle Or,
pitch angle 6p and yaw angle 0y) of the multi-coil probe 1 are
controlled, while a pressing force for pressing the multi-coil
probe 1 against the inspection surface 102a is applied thereto
from the manipulator 22 (refer to FIGS. 4A and 4B) and
thereby making the multi-coil probe 1 adhere tightly to the
inspection surface 102a.

The scan control device 3 transmits the start trigger signal
to the eddy current flaw detection device 4 each time the scan
control device 3 drives and controls the scanning device 2 to
scan the multi-coil probe 1 in a predetermined scan pitch (in
other words, for each scan position of the multi-coil probe 1).

When the eddy current flaw detection device 4 receives the
start trigger signal from the scan control device 3, the
eddy current flaw detection device 4 sequentially switches the
coils 10 to the combinations (1 channel, 2 channel, . . ., N
channel, . . . last channel) of exciting and detecting coils
placed in a layout relationship as viewed in the transverse
direction of the probe 1 as indicated by dotted lines in FIG. 3,
for example. To be more specific, the eddy current flaw detec-
tion device 4 switches the coils 10 placed in a first row (row on
the left side in FIG. 3) to their corresponding exciting coils
one by one, and switches the two coils placed in a second row
(row on the right side in FIG. 3) and adjacent to the exciting
coils to their corresponding detecting coils. An eddy current is
induced in a surface layer portion of the weld 102 by an
alternative magnetic field produced by each exciting coil,
thereby detecting a disturbance in eddy current due to a flaw
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as a change (change in output voltage) in the impedance of
each detecting coil. A result of this detection is acquired as
one for each detection point (specifically, an intermediate
point between the exciting and detecting coils as indicated by
a black circle in FIG. 3) corresponding to the combination of
the exciting and detecting coils. Thus, results (output voltages
of detecting coils) of detection of a plurality of detection
points corresponding to a plurality of channels are acquired
for each scan position of multi-coil probe 1 (specifically, for
every number of trigger signals described above). Detected
data (refer to FIG. 6) composed of detection results corre-
sponding to the scan positions (specifically, the number of
trigger signals described above) of the multi-coil probe 1 and
the channel numbers are created and recorded.

Incidentally, as shown in FIG. 3, a specific detection point
O corresponding to a specific N channel is given as the center
point of the substrate 9 and equivalent to a point where an
axial center L1 of the pin 13 and an axial center [.2 of the shaft
15 both intersect when they are reflected on the substrate 9.
Three-dimensional coordinate of the detection point O cor-
responds to each scan position ofthe probe 1 and is insensitive
to the attitude angle of the probe 1.

The data processing/display device 5 that is an essential
part of the present embodiment has, as functional constitu-
ents, a probe structure storage unit 23, a three-dimensional
model storage unit 24, a detection point three-dimensional
coordinate acquisition unit 25, a detection point three-dimen-
sional coordinate storage unit 26, a three-dimensional flaw
detection data generation unit 27, a display control unit 28
and a display unit (monitor) 29.

The probe structure storage unit 23 stores in advance, posi-
tional relations between the detection points on the substrate
9 of the multi-coil probe 1. In particular, in the present
embodiment, since the detection points for the plural chan-
nels are arranged in the longitudinal direction of the probe 1
as shown in FIG. 3, coil intervals D and detection-point inter-
vals D/2, and the like on the substrate 9 as viewed in the
longitudinal direction of the probe 1 have been stored in
advance.

The three-dimensional model storage unit 24 stores in
advance, a three-dimensional model 30 of the surface (in-
spection surface) of the weld 102, and a three-dimensional
model 31 of a surface of a peripheral structure (specifically,
the reactor pressure vessel 100, the stub tube 101 of the
control rod drive, etc.). Incidentally, the three-dimensional
model is data of three-dimensional coordinates. Design data
may be used, but actually-measured data may preferably be
used.

A control procedure of the data processing/display device
5 in the present embodiment will next be described. FIG. 7 is
a flowchart showing the contents of control of the data pro-
cessing/display device 5 in the present embodiment.

In FIG. 7, at step 201, the detection point three-dimen-
sional coordinate acquisition unit 25 of the data processing/
display device 5 first receives control parameters of the scan-
ning device 2 related to the number of start trigger signals
from the scan control device 3. Then, the detection point
three-dimensional coordinate acquisition unit 25 computes a
three-dimensional coordinate of the detection point O of the
N channel based on the control parameters and the like of the
scanning device 2 for every number of start trigger signals (in
other words, for each scan position of probe 1). Thereafter,
the procedure proceeds to step 202, where the detection point
three-dimensional coordinate acquisition unit 25 reads the
three-dimensional model 30 of the inspection surface from
the three-dimensional model storage unit 24. As shown in
FIG. 8, the detection point three-dimensional coordinate
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acquisition unit 25 plots detection points O on the three-
dimensional model 30 based on the three-dimensional coor-
dinates of the detection points O of the N channel, and creates
or generates a scan trajectory (equivalent to a scan direction
line of the probe 1) of the detection points O that smoothly
connect those.

Thereafter, the procedure proceeds to step 203, where the
detection point three-dimensional coordinate acquisition unit
25 computes a yaw angle Oy of the probe 1 based on the
control parameters and the like of the scanning device 2 for
every number of start trigger signals (in other words, for each
scan position of probe 1). Then, the procedure proceeds to
step 204, where the detection point three-dimensional coor-
dinate acquisition unit 25 creates, on the three-dimensional
model 30 of the inspection surface, each yaw angle direction
line (in other words, longitudinal line of probe 1) that passes
through the detection point O based on the yaw angle 0y of
each scan position of the probe 1 as shown in FIG. 8.

Thereafter, the procedure proceeds to step 205, where the
detection point three-dimensional coordinate acquisition unit
25 reads the detection point interval D/2 on the substrate 9
from the probe structure storage unit 23. As shown in FIG. 8,
the detection point three-dimensional coordinate acquisition
unit 25 plots detection points of other channels other than the
N channel along each yaw angle direction line based on the
detection point intervals D/2 on the substrate 9, and thereby
computes three-dimensional coordinates of the detection
points of the other channels. The three-dimensional coordi-
nate of the detection point O of the N channel and the detec-
tion points of the other channels both obtained at steps 201
and 205 are stored in the detection point three-dimensional
storage unit 26 in association with the number of the start
trigger signals (in other words, each scan position of the probe
1). Incidentally, the three-dimensional coordinates of the
detection points and the three-dimensional model 30 of the
inspection surface are based on the same coordinate system.

Steps 201 through 205 described above may be performed
before the scanning/flaw detection of the multi-coil probe 1.
Alternatively, they may be performed during the scanning/
flaw detection or after the scanning/flaw detection. After the
scanning/flaw detection of the multi-coil probe 1, the proce-
dure proceeds to step 206, where the three-dimensional flaw
detection data generation unit 27 of the data processing/dis-
play device 5 receives the detected data recorded in the eddy
current flaw detection device 4. Then, the three-dimensional
flaw detection data generation unit 27 reads the three-dimen-
sional coordinates of the detection points related to the num-
ber of the start trigger signals from the detection point three-
dimensional coordinate storage unit 26, and coverts the
detected data to three-dimensional flaw detection data based
on the three-dimensional coordinates. That is, the three-di-
mensional flaw detection data generation unit 27 generates
three-dimensional flaw detection data including the three-
dimensional coordinates of the detection points and the
results of detection thereof corresponding to them.

Thereafter, the procedure proceeds to step 207, where the
display control unit 28 causes the display unit 29 to display
such a three-dimensional model screen 32 as shown in F1G. 9,
for example. The three-dimensional model 30 of the inspec-
tion surface and the three-dimensional model 31 of the sur-
face of the peripheral structure both stored in the three-di-
mensional model storage unit 24 are displayed on the three-
dimensional model screen 32. The display control unit 28
causes the screen 32 of the display unit 29 to display the levels
of' the results of detection of the detection points in the form
of changes in color tone based on the three-dimensional flaw
detection data generated by the three-dimensional flaw detec-
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tion data generation unit 27, while the detection points are
being associated with each other on the three-dimensional
model 30 of the inspection surface (refer to a flaw-detection
result display area 33 in the screen 32). Incidentally, although
FIG. 9 is shown by taking for example the case where the
levels of the results of detection are represented in two stages
in the form of the changes in color tone, for convenience, it is
needless to say that the levels may be represented in three or
more stages.

Incidentally, in the present embodiment, the positions of an
end of the flaw on its one side and an end thereof on its other
side can be specified in the three-dimensional model screen
32. The display control unit 28 has the function of computing
three-dimensional coordinates of the end on one side of the
specified flaw and the end on its other side and displaying the
same on the screen 32. The display control unit 28 also has the
function of computing the length of the specified flaw ranging
from the end on one side to the end on its other side along the
shape of the flaw and displaying the same on the screen 32.
Thus, the evaluation of the position, length and the like of the
flaw is facilitated.

In the present embodiment configured as described above,
the data processing/display device 5 acquires the three-di-
mensional coordinates of the detection points corresponding
to the combinations (channels) of the exciting and detecting
coils for each scan position of the multi-coil probe 1. Then,
the data processing/display device 5 generates the three-di-
mensional flaw detection data including the three-dimen-
sional coordinates of the detection points and the results of
detection corresponding to them. The data processing/display
device 5 displays the three-dimensional model 30 of the
inspection surface and represents in color tones, the detected
results of detection points on the three-dimensional model 30
of'the inspection surface, based on the three-dimensional flaw
detection data. Thus, it is possible to enhance the accuracy of
display of a flaw detection result without causing distortion as
compared with the case where like a screen 34 shown in FIG.
10, for example, a scan area is represented by a two-dimen-
sional coordinate system with each probe scan position and
each channel position on the substrate being taken as coordi-
nates and the results of detection of respective channels are
represented in color tones of pixels of their corresponding
coordinates. As a result, it is possible to enhance the accuracy
of evaluation of the position, length and the like of the flaw.

In the foregoing description, the detection point three-
dimensional coordinate acquisition unit 25 constitutes detec-
tion point three-dimensional coordinate acquiring means,
stated in Claims, which acquires three-dimensional coordi-
nates of detection points for each scan position of an eddy
current flaw detection probe. The three-dimensional flaw
detection data generation unit 27 constitutes three-dimen-
sional flaw detection data generating means which generates
three-dimensional flaw detection data including the three-
dimensional coordinates of the detection points and detection
results thereof corresponding to the three-dimensional coor-
dinates. The display unit 29 constitutes display means which
displays a three-dimensional model of a inspection surface
and displays the detection results of the detection points on
the three-dimensional model of the inspection surface in
color tones, based on the three-dimensional flaw detection
data.

The probe structure storage unit 23 constitutes probe struc-
ture storing means which stores in advance relations in posi-
tion between the detection points on a substrate of the eddy
current flaw detection probe. The step 201 performed by the
detection point three-dimensional coordinate acquisition unit
25 constitutes first detection point three-dimensional coordi-
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nate computing means which computes a three-dimensional
coordinate of a specific detection point of the detection points
corresponding to the scan position of the eddy current flaw
detection probe based on control parameters of a scanning
device. The step 203 performed by the detection point three-
dimensional coordinate acquisition unit 25 constitutes probe
attitude angle computing means which computes a yaw angle
of'the eddy current flaw detection probe based on the control
parameters of the scanning device. The steps 202, 204 and
205 performed by the detection point three-dimensional coor-
dinate acquisition unit 25 constitute second detection point
three-dimensional coordinate computing means which plots
the specific detection point on the three-dimensional model of
the inspection surface, plots other detection points than the
specific detection point on the three-dimensional model of the
inspection surface based on the yaw angle of the eddy current
flaw detection probe and the relations in position between the
detection points on the substrate, and thereby computes three-
dimensional coordinates of said other detection points.

Incidentally, although not explained in particular in the first
embodiment, there is a possibility that the three-dimensional
coordinates of the detection points O of the N channel com-
puted at step 202 of FIG. 7 will not coincides with the three-
dimensional model 30 of the inspection surface due to, for
example, reasons such as data rounding errors at the three-
dimensional model 30 of the inspection surface. Therefore,
the data processing/display device 5 may perform such con-
trol as shown in FIG. 11. FIG. 11 is a flowchart showing the
contents of control of a data processing/display device 5 in a
first modification. Incidentally, parts identical to those in the
first embodiment are denoted by the same reference numer-
als, and their description will be omitted as appropriate.

In the present modification, at step 208, a detection point
three-dimensional coordinate acquisition unit 25 of the data
processing/display device 5 determines whether the three-
dimensional coordinates of the detection points O of the N
channel computed at step 201 coincide with the three-dimen-
sional model 30 of the inspection surface. For example, when
the three-dimensional coordinates of the detection points O of
the N channel coincide with the three-dimensional model of
the inspection surface, the determination of step 208 is satis-
fied, and the procedure proceeds to step 203. On the other
hand, when the three-dimensional coordinates of the detec-
tion points O of the N channel do not coincide with the
three-dimensional model of the inspection surface, the deter-
mination of step 208 is not satisfied, and the procedure pro-
ceeds to step 209. At step 209, the detection point three-
dimensional coordinate acquisition unit 25 computes the
direction (refer to FIGS. 4A and 4B) of pressing by the probe
1 based on the control parameters of the scanning device 2 for
every number of start trigger signals (in other words, for each
scan position of probe 1). Thereafter, the procedure proceeds
to step 210, where the detection point three-dimensional
coordinate acquisition unit 25 creates pressing direction vec-
tors passing through the detection points O of the N channel
respectively as shown in FIG. 12 and computes correction
values for the three-dimensional coordinates of the detection
points O of the N channel by intersection points of both the
pressing direction vectors and the three-dimensional model
30 of the inspection surface. Even in such a modification,
advantages similar to those in the first embodiment can be
obtained.

In the foregoing description, The step 209 performed by
the detection point three-dimensional coordinate acquisition
unit 25 constitutes probe pressing direction computing
means, stated in Claims, which computes a direction for
pressing the eddy current flaw detection probe against the



US 9,222,915 B2

13

inspection surface based on the control parameters of the
scanning device. The step 210 performed by the detection
point three-dimensional coordinate acquisition unit 25 con-
stitutes that, when the computed three-dimensional coordi-
nate of the specific detection point does not coincide with the
three-dimensional model of the inspection surface, the first
detection point three-dimensional coordinate computing
means moves the three-dimensional coordinate of the specific
detection point in the pressing direction to correct the three-
dimensional coordinate so as to coincide with the three-di-
mensional model of the inspection surface.

Although the first embodiment and the first modification
have explained for example the case where the data process-
ing/display device 5 performs step 201 (computation of the
three-dimensional coordinates of the detection points O of the
N channel) and step 203 (computation of the yaw angles 0y of
the probe 1) in FIGS. 7 and 11, the scan control device 4 may
perform these steps instead of the data processing/display
device 5. Although the first modification has explained for
example the case where the data processing/display device 5
performs step 209 (computation of the pressing directions of
the probe 1) of FIG. 11, the scan control device 4 may perform
step 209 instead of the data processing/display device 5.
Although the first embodiment and so forth have explained
for example the case where the eddy current flaw detection
device 4 and the data processing/display device 5 are config-
ured as separate components, the eddy current flaw detection
device and the data processing/display device may alterna-
tively be configured as integral, for example. Even in these
cases, advantages similar to the above can be obtained.

A second embodiment of the present invention will be
explained with reference to FIGS. 13 through 17. Compo-
nents similar to those in the first embodiment are denoted by
the same reference numerals, and their description will be
omitted as appropriate.

FIG. 13 is a block diagram showing a configuration of an
eddy current flaw detection system according to the present
embodiment. FIG. 14 is a plan view showing a structure of a
sensor part of an eddy current flaw detection probe in the
present embodiment. FIG. 15 is a perspective view for
describing an installed position of a camera in the present
embodiment.

The eddy current flaw detection system according to the
present embodiment is equipped with an eddy current flaw
detection probe (hereinafter called a multi-coil probe) 1A
disposed on an inspective surface 102a, a scanning device 2
which scans the multi-coil probe 1A on the inspection surface
102a, a scan control device 3 which drives and controls the
scanning device 2 to control a scan position and an attitude
angle of the multi-coil probe 1A, an eddy current flaw detec-
tion device 4 which performs flaw detection control of the
multi-coil probe 1A, a plurality of cameras 35 fixed to, for
example, a stub tube 101 of a control rod drive or the like, an
imaging control device 36 which performs imaging control of
these cameras 35, and a data processing/display device 5A
which processes data received from the imaging control
device 36 and the eddy current flaw detection device 4 to
display a result of flaw detection.

The sensor part 6 of the multi-coil probe 1A is provided
with a plurality of markers 37 fixed to an outer edge portion on
the upper surface side (side opposite to the inspection surface
102a) of a substrate 9. These markers 37 are provided so as to
be exposed from a sponge 11 and are capable of being imaged
by the cameras 35.

The scan control device 3 transmits a start trigger signal to
the eddy current flaw detection device 4 and the imaging
control device 36 every time it drives and controls the scan-
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ning device 2 to scan the multi-coil probe 1A with a prede-
termined scan pitch (in other words, for each scan position of
multi-coil probe 1A). The imaging control device 36 controls
the cameras 35 in response to the start trigger signal outputted
from the scan control device 3 to image the markers 37 and
records images of the markers 37 in association with the
number of the start trigger signals.

The data processing/display device 5A that is an essential
part of the present embodiment has, as functional constitu-
ents, a probe structure storage unit 23A, a three-dimensional
model storage unit 24A, a detection point three-dimensional
coordinate storage unit 26, a three-dimensional flaw detection
data generation unit 27, a display control unit 28, a display
unit 29, a marker three-dimensional coordinate computing
unit 38, a marker three-dimensional coordinate storage unit
39, a detection point three-dimensional coordinate comput-
ing unit 40 and a three-dimensional model generation unit 41.
The probe structure storage unit 23 A stores in advance, layout
relations between the substrate 9 and the markers 37 at the
multi-coil probe 1A and layout relations between the sub-
strate 9 and a plurality of detection points.

A control procedure of the data processing/display device
5A inthe present embodiment will next be described referring
FIG. 16. FIG. 16 is a flowchart showing the contents of
control by the data processing/display device SA in the
present embodiment.

InFIG. 16, at step 301, the marker three-dimensional coor-
dinate computing unit 38 of the data processing/display
device 5A receives images of the markers 37 associated with
the number of the start trigger signals from the imaging con-
trol device 36. Then, the marker three-dimensional coordi-
nate computing unit 38 calculates three-dimensional coordi-
nates of the markers 37 based on the images of the markers 37
for every number of start trigger signals (in other words, for
each scan position of probe 1A). The three-dimensional coor-
dinates of the markers 37 are stored in the marker three-
dimensional coordinate storage unit 39 in association with the
number (in other words, the scan position of the probe 1A) of
the start trigger signals.

Thereafter, the procedure proceeds to step 302, where the
detection point three-dimensional coordinate computing unit
40 reads the three-dimensional coordinates of the markers 37
associated with the number of the start trigger signals from
the marker three-dimensional coordinate storage unit 39. The
detection point three-dimensional coordinate computing unit
40 reads the layout relations between the substrate 9 and the
markers 37 from the probe structure storage unit 23A. Then,
the detection point three-dimensional coordinate computing
unit40 computes the shape and layout of the substrate 9 of the
multi-coil probe 1A, based on the three-dimensional coordi-
nates of the markers and the layout relations between the
substrate 9 and the markers 37 for every number of start
trigger signals (in other words, for each scan position of the
probe 1A).

Thereafter, the procedure proceeds to step 303, where the
detection point three-dimensional coordinate computing unit
40 reads the layout relations between the substrate 9 and the
detection points from the probe structure storage unit 23A.
Then, the detection point three-dimensional coordinate com-
puting unit 40 computes three-dimensional coordinates of the
detection points based on the shape and layout of the substrate
9 of the multi-coil probe 1A computed at step 302, and the
layout relations between the substrate 9 and the detection
points for every number of start trigger signals (in other
words, for each scan position of probe 1A) (refer to FIG. 17).
The three-dimensional coordinates of the detection points are
stored in the detection point three-dimensional coordinate
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storage unit 26 in association with the number (in other
words, the scan position of the probe 1A) of the start trigger
signals. Incidentally, the three-dimensional coordinates of the
markers 37, the three-dimensional coordinates of the detec-
tion points, and a three-dimensional model 30A ofthe inspec-
tion surface are based on the same coordinate system.

Thereafter, the procedure proceeds to step 304, where the
three-dimensional model generation unit 41 reads the three-
dimensional coordinates of the detection points from the
detection point three-dimensional storage unit 26 and creates
the three-dimensional model 30A of the inspection surface
based on the read three-dimensional coordinates (refer to
FIG. 17). The three-dimensional model 30 A ofthe inspection
surface is stored in the three-dimensional model storage unit
24A. Incidentally, the three-dimensional model generation
unit 41 may read the three-dimensional coordinates of the
markers 37 from the marker three-dimensional storage unit
39 and create the three-dimensional model of the inspection
surface based on the read three-dimensional coordinates.

Steps 301 through 304 described above may be performed
during the scanning of the multi-coil probe 1A at a prepara-
tion stage or after its scanning. Alternatively, they may be
performed during the scanning/flaw detection of the multi-
coil probe 1A at an inspection stage or after its scanning/flaw
detection. Then, after the scanning/flaw detection of the
multi-coil probe 1A, the procedure proceeds to step 305,
where the three-dimensional flaw detection data generation
unit 27 of the data processing/display device SA receives the
detected data recorded in the eddy current flaw detection
device 4. The three-dimensional flaw detection data genera-
tion unit 27 reads the three-dimensional coordinates of the
detection points associated with the number of the start trig-
ger signals from the detection point three-dimensional coor-
dinate storage unit 26, and converts the detected data to their
corresponding three-dimensional flaw detection data, based
on the read three-dimensional coordinates. That is, the three-
dimensional flaw detection data generation unit 27 generates
the three-dimensional flaw detection data including the three-
dimensional coordinates of the detection points and detection
results thereof corresponding to those.

Thereafter, the procedure proceeds to step 306, where the
display control unit 28 causes the display unit 29 to display a
three-dimensional model screen. The three-dimensional
model 30A of the inspection surface stored in the three-
dimensional model storage unit 24A is displayed on the three-
dimensional model screen. Based on the three-dimensional
flaw detection data generated by the three-dimensional flaw
detection data generation unit 27, the levels of the results of
detection of the detection points are displayed in the form of
changes in color tone while the detection points are being
brought into correspondence on the three-dimensional model
30A of the inspection surface.

Even in the present embodiment configured as described
above, the accuracy of display of a flaw detectionresult can be
enhanced without causing distortion as with the first embodi-
ment. As a result, it is possible to enhance the evaluation
accuracy of the position, length and the like of a flaw.

In the foregoing description, the cameras 35 constitute
imaging means, stated in Claims, which images markers for
each scan position of an eddy current flaw detection probe.
The probe structure storage unit 23 A constitutes probe struc-
ture storing means which stores in advance layout relations
between a substrate and the markers at the eddy current flaw
detection probe and layout relations between the substrate
and detection points.

The marker three-dimensional coordinate computing unit
38 constitutes marker three-dimensional coordinate comput-
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ing means which computes three-dimensional coordinates of
the markers based on images of the markers for each scan
position of the eddy current flaw detection probe. The detec-
tion point three-dimensional coordinate computing unit 40
constitutes detection point three-dimensional coordinate
computing means which computes a shape and layout of the
substrate based on the three-dimensional coordinates of the
markers and the layout relations between the substrate and the
markers for each scan position of the eddy current flaw detec-
tion probe, and further computes three-dimensional coordi-
nates of the detection points based on the layout relations
between the substrate and the detection points. These marker
three-dimensional coordinate computing unit 38 and detec-
tion point three-dimensional coordinate computing unit 40
constitute detection point three-dimensional coordinate
acquiring means which acquires three-dimensional coordi-
nates of the detection points for each scan position of the eddy
current flaw detection probe. The three-dimensional flaw
detection data generation unit 27 constitutes three-dimen-
sional flaw detection data generating means which generates
three-dimensional flaw detection data including the three-
dimensional coordinates of the detection points and detection
results thereof corresponding to the three-dimensional coor-
dinates.

The three-dimensional model generation unit 41 consti-
tutes three-dimensional model generating means which gen-
erates a three-dimensional model of a inspection surface
based on the three-dimensional coordinates of the detection
points or the three-dimensional coordinates of the markers
which have been computed for each scan position of the eddy
current flaw detection probe. The display unit 29 constitutes
not only display means displays the three-dimensional model
of the inspection surface generated by the three-dimensional
model generating means, but also display means which dis-
plays the three-dimensional model of the inspection surface
and displays the detection results of the detection points on
the three-dimensional model of the inspection surface in
color tones, based on the three-dimensional flaw detection
data.

Incidentally, although the second embodiment has
explained for example the case where the data processing/
display device 5A creates and displays the three-dimensional
model 30A ofthe inspection surface, the present embodiment
is not limited to it. As with the first embodiment, a three-
dimensional model 30 of an inspection surface and a three-
dimensional model 31 of a surface of a peripheral structure
both of which have been prepared in advance, may be dis-
played. Even in this case, advantages similar to the above can
be obtained.

Although the second embodiment has explained for
example the case where the cameras 35 are fixed to the stub
tube 101 of the control rod drive or the like and not moved
along with the multi-coil probe 1A, the present embodiment
is not limited to it. As shown in FIG. 18, for example, they
may be fixed to a manipulator 22 and moved along with the
multi-coil probe 1A. In such a modification, a marker three-
dimensional coordinate computing unit 38 of the data pro-
cessing/display device 5A receives control parameters of the
scanning device 2 associated with the number of the start
trigger signals from the scan control device 3. The marker
three-dimensional coordinate computing unit 38 computes
the layout and attitude of each camera 35 based on the control
parameters of the scanning device 2 for each number of start
trigger signals (in other words, for each scan position of probe
1A). The marker three-dimensional coordinate computing
unit 38 may compute the three-dimensional coordinates of
the markers 37 based on the images of the markers 37 and the
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layouts and attitudes of the cameras 35 for every number of
the start trigger signals (in other words, for each scan position
of the probe 1A). Even in the present modification, advan-
tages similar to those in the second embodiment can be
obtained.

Although each of the first and second embodiments and so
forth has explained for example the case where the coils are
sequentially switched to the combinations of the exciting and
detecting coils placed in the layout relationship as viewed in
the transverse direction of the probe as indicated by the
arrows of the dotted lines in FIG. 3, they may sequentially be
switched to combinations of exciting and detecting coils
placed in a layout relationship as viewed in the longitudinal
direction of the probe as indicated by arrows of dotted lines in
FIG. 19. In such a modification, the probe structure storage
unit 23 of the data processing/display device 5 (or the probe
structure storage unit 23A of the data processing/display
device 5A) may store in advance intervals E between coils as
viewed in the transverse direction of the probe, and intervals
E/2 and D/4 or the like related to a specific detection point on
the substrate 9. Even in the present modification, advantages
similar to the above can be obtained.

Although each ofthe first and second embodiments and the
like has explained for example the case where the coils 10 of
the eddy current flaw detection probe 1 or 1A are arranged in
two rows in triangular lattice form, it is not limited to this.
They may be arranged in, for example, one row or three or
more rows. Alternatively, they may be arranged in quadran-
gular lattice form. Although each of the first and second
embodiments and the like has explained for example the case
where the eddy current flaw detection probe 1 or 1A has the
combinations (channels) of the exciting and detecting coils in
large numbers, it is not limited to this. The eddy current flaw
detection probe may have at least two combinations (chan-
nels). That is, The eddy current flaw detection probe may have
at least one exciting coil and at least two detecting coils
spaced away from each other in the direction in which they
intersect with respect to the scan direction of the probe. Even
in these cases, advantages similar to the above can be
obtained.

Incidentally, although the above description has been
made, by way of example, of the case where the weld 102
between the reactor pressure vessel 100 and the stub tube 101
of'the control rod drive is inspected, i.e., the case where The
eddy current flaw detection probe 1 or 1A is scanned on the
surface (inspection surface) 102a of the weld 102, the inven-
tion is not limited to it. In other words, the inspection surface
has been described by taking for example the case where it is
approximately in the form of the truncated conical side sur-
face in its entirety and takes on such a complicate three-
dimensional shape that its axial section is concave and its
curvature changes depending on the circumferential position,
but is not limited to it. That is, the inspection surface may be,
for example, approximately in the form of a truncated conical
side surface in its entirety and take on such a three-dimen-
sional shape that its axial section is concave and its curvature
does not change depending on the circumferential position.
Alternatively, the inspection surface may be, for example,
approximately in the form of a truncated conical side surface
in its entirety and take on such a three-dimensional shape that
it does not have a curvature at its axial section. A problem of
the present invention arises in that even when scanning is
performed on such an inspection surface, a portion on the one
side ofthe sensor part 6 and a portion on the other side thereof
as viewed in the direction intersecting the direction of scan-
ning of the probe 1 or 1A are different in terms of the length
of a scan trajectory. Therefore, advantages similar to the
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above can be obtained if the present invention is applied.
When the curvature of the axial section of the above inspec-
tion surface does not change depending on the circumferen-
tial position or the inspection surface does not have the cur-
vature at its axial section as in the case of the above inspection
surface, the substrate of The eddy current flaw detection
probe may be formed so as to extend along the inspection
surface and may not have flexibility. Even in this case, advan-
tages similar to the above can be obtained.

What is claimed is:

1. An eddy current flaw detection system comprising:

an eddy current flaw detection probe having a substrate
facing an inspection surface, and at least one exciting
coil and at least two detecting coils provided on the
substrate;

a scanning device which scans the eddy current flaw detec-
tion probe on the inspection surface;

a scan control device which drives and controls the scan-
ning device to control a scan position and an attitude
angle of the eddy current flaw detection probe; and

an eddy current flaw detection device which acquires
results of detection of a plurality of detection points
corresponding to combinations of the exciting and
detecting coils for each scan position of the eddy current
flaw detection probe, wherein said eddy current flaw
detection system includes:

detection point three-dimensional coordinate acquiring
means which acquires three-dimensional coordinates of
the detection points for each scan position of the eddy
current flaw detection probe;

three-dimensional flaw detection data generating means
which generates three-dimensional flaw detection data
including the three-dimensional coordinates of the
detection points and detection results thereof corre-
sponding to the three-dimensional coordinates;

display means which displays a three-dimensional model
of the inspection surface and displays the detection
results of the detection points on the three-dimensional
model of the inspection surface in color tones, based on
the three-dimensional flaw detection data,

probe structure storing means which stores in advance
relations in position between the detection points on the
substrate of the eddy current flaw detection probe,

wherein the detection point three-dimensional coordinate
acquiring means includes:

first detection point three-dimensional coordinate comput-
ing means which computes a three-dimensional coordi-
nate of a specific detection point of the detection points
corresponding to the scan position of the eddy current
flaw detection probe based on control parameters of the
scanning device,

probe attitude angle computing means which computes a
yaw angle of the eddy current flaw detection probe based
on the control parameters of the scanning device, and

second detection point three-dimensional coordinate com-
puting means which plots the specific detection point on
the three-dimensional model of the inspection surface,
plots other detection points than the specific detection
point on the three-dimensional model of the inspection
surface based on the yaw angle of the eddy current flaw
detection probe and the relations in position between the
detection points on the substrate, and thereby computes
three-dimensional coordinates of said other detection
points.
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2. The eddy current flaw detection system according to
claim 1,

wherein the detection point three-dimensional coordinate
acquiring means further includes probe pressing direc-
tion computing means which computes a direction for
pressing the eddy current flaw detection probe against
the inspection surface based on the control parameters of
the scanning device, and

wherein when the computed three-dimensional coordinate
of'the specific detection point does not coincide with the
three-dimensional model of the inspection surface, the
first detection point three-dimensional coordinate com-
puting means moves the three-dimensional coordinate
of'the specific detection point in the pressing direction to
correct the three-dimensional coordinate so as to coin-
cide with the three-dimensional model of the inspection
surface.

3. An eddy current flaw detection system comprising:

an eddy current flaw detection probe having a substrate
facing an inspection surface, and at least one exciting
coil and at least two detecting coils provided on the
substrate;

a scanning device which scans the eddy current flaw detec-
tion probe on the inspection surface;

a scan control device which drives and controls the scan-
ning device to control a scan position and an attitude
angle of the eddy current flaw detection probe; and

an eddy current flaw detection device which acquires
results of detection of a plurality of detection points
corresponding to combinations of the exciting and
detecting coils for each scan position of the eddy current
flaw detection probe, wherein said eddy current flaw
detection system includes:

detection point three-dimensional coordinate acquiring
means which acquires three-dimensional coordinates of
the detection points for each scan position of the eddy
current flaw detection probe;

three-dimensional flaw detection data generating means
which generates three-dimensional flaw detection data
including the three-dimensional coordinates of the
detection points and detection results thereof corre-
sponding to the three-dimensional coordinates;

display means which displays a three-dimensional model
of the inspection surface and displays the detection
results of the detection points on the three-dimensional
model of the inspection surface in color tones, based on
the three-dimensional flaw detection data;

a plurality of markers provided in the substrate of the eddy
current flaw detection probe;

imaging means which images the markers for each scan
position of the eddy current flaw detection probe; and

probe structure storing means which stores in advance
layout relations between the substrate and the markers at
the eddy current flaw detection probe and layout rela-
tions between the substrate and the detection points,

wherein the detection point three-dimensional coordinate
acquiring means includes:

marker three-dimensional coordinate computing means
which computes three-dimensional coordinates of the
markers based on images of the markers for each scan
position of the eddy current flaw detection probe, and

detection point three-dimensional coordinate computing
means which computes a shape and layout of the sub-
strate based on the three-dimensional coordinates of the
markers and the layout relations between the substrate
and the markers for each scan position of the eddy cur-
rent flaw detection probe, and further computes three-
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dimensional coordinates of the detection points based on
the layout relations between the substrate and the detec-
tion points.

4. The eddy current flaw detection system according to
claim 3, further including three-dimensional model generat-
ing means which generates a three-dimensional model of the
inspection surface based on the three-dimensional coordi-
nates of the detection points or the three-dimensional coordi-
nates of the markers which have been computed for each scan
position of the eddy current flaw detection probe,

wherein the display means displays the three-dimensional
model of the inspection surface generated by the three-
dimensional model generating means.

5. An eddy current flaw detection method comprising the

steps of:

scanning an eddy current flaw detection probe on an
inspection surface, the eddy current flaw detection probe
having a substrate facing the inspection surface, and at
least one exciting coil and at least two detecting coils
provided on the substrate; and

acquiring results of detection of a plurality of detection
points corresponding to combinations of the exciting
and detecting coils for each scan position of the eddy
current flaw detection probe, wherein said eddy current
flaw detection method includes:

a first procedure for acquiring three-dimensional coordi-
nates of the detection points for each scan position of the
eddy current flaw detection probe;

a second procedure for generating three-dimensional flaw
detection data including the three-dimensional coordi-
nates ofthe detection points and detection results thereof
corresponding to the three-dimensional coordinates;
and

athird procedure for displaying a three-dimensional model
of the inspection surface and displaying the detection
results of the detection points on the three-dimensional
model of the inspection surface in color tones based on
the three-dimensional flaw detection data, wherein the
first procedure includes:

a fourth procedure for computing a three-dimensional
coordinate of a specific detection point of the detection
points corresponding to the scan position of the eddy
current flaw detection probe based on control param-
eters of a scanning device for scanning the eddy current
flaw detection probe;

a fifth procedure for computing a yaw angle of the eddy
current flaw detection probe based on the control param-
eters of the scanning device; and

a sixth procedure for plotting the specific detection point
on the three-dimensional model of the inspection sur-
face, plotting other detection points than the specific
detection point on the three-dimensional model of the
inspection surface based on the yaw angle of the eddy
current flaw detection probe and relations in position
between the detection points on the substrate, and
thereby computing three-dimensional coordinates of
said other detection points.

6. The eddy current flaw detection method according to
claim 5, wherein the first procedure further includes a seventh
procedure for computing a direction for pressing the eddy
current flaw detection probe against the inspection surface
based on the control parameters of the scanning device,

wherein when the computed three-dimensional coordinate
of the specific detection point does not coincide with the
three-dimensional model of the inspection surface, the
fourth procedure moves the three-dimensional coordi-
nate of the specific detection point in the pressing direc-
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tion to correct the three-dimensional coordinate so as to
coincide with the three-dimensional model of the
inspection surface.

7. An eddy current flaw detection method comprising the

steps of:

scanning an eddy current flaw detection probe on an
inspection surface, the eddy current flaw detection probe
having a substrate facing the inspection surface, and at
least one exciting coil and at least two detecting coils
provided on the substrate; and

acquiring results of detection of a plurality of detection
points corresponding to combinations of the exciting
and detecting coils for each scan position of the eddy
current flaw detection probe, wherein said eddy current
flaw detection method includes:

a first procedure for acquiring three-dimensional coordi-
nates of the detection points for each scan position of the
eddy current flaw detection probe;

a second procedure for generating three-dimensional flaw
detection data including the three-dimensional coordi-
nates of the detection points and detection results thereof
corresponding to the three-dimensional coordinates;
and

athird procedure for displaying a three-dimensional model
of the inspection surface and displaying the detection
results of the detection points on the three-dimensional
model of the inspection surface in color tones based on
the three-dimensional flaw detection data, wherein the
first procedure includes:
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an eighth procedure for imaging a plurality of markers
provided in the substrate of the eddy current flaw detec-
tion probe for each scan position of the eddy current flaw
detection probe;

a ninth procedure for computing three-dimensional coor-
dinates of the markers based on images of the markers
for each scan position of the eddy current flaw detection
probe; and

a tenth procedure for computing a shape and layout of the
substrate based on the three-dimensional coordinates of
the markers and layout relations between the substrate
and the markers for each scan position of the eddy cur-
rent flaw detection probe, and further computing three-
dimensional coordinates of the detection points based on
layout relations between the substrate and the detection
points.

8. The eddy current flaw detection method according to
claim 7, further including an eleventh procedure for generat-
ing a three-dimensional model of the inspection surface based
on the three-dimensional coordinates of the detection points
or the three-dimensional coordinates of the markers which
have been computed for each scan position of the eddy cur-
rent flaw detection probe,

wherein the third procedure displays the three-dimensional
model of the inspection surface generated in the eleventh
procedure.



